This research studies how changes in manufacturing requirements affect production line performance in a focused factory. Specifically, we examine whether production line labor productivity and conformance quality decline as the range of models produced and the heterogeneity of production volume increase in a factory designed for high volume production of a narrow range of models. We use the organizational nature of production lines to argue that the performance of focused production lines will decline when the lines adopt new manufacturing tasks that are outside the scope of the absorptive capacity developed through the execution of their prior focused manufacturing task, but not otherwise. The study examines four years of data from 16 production lines of a compressor manufacturing factory of the Copeland Corporation. Our statistical analysis identifies limits to change, suggests paths to successfully changing the manufacturing requirements of a focused factory, and places the operations strategy discussion of focused factories in a dynamic environment. q
Introduction
In the Operations Management literature, the argument that focused factories should typically outperform more general-purpose production facilities Ž . started with the seminal work of Skinner 1974 and Ž . continues to date Schmenner and Swink, 1998 . Although most of the writing on manufacturing focus emphasizes stable manufacturing environments ŽStobaugh and Telesio, 1983; Hayes and Wheelwright, 1984, p. 90, p. 108; Hayes and Clark, 1985; . Hill, 1994, p. 152 , most factories inevitably face changes in their manufacturing requirements. Owing to difficulties in adaptation, it is possible that the performance of focused factories will decline when their activities change. This paper examines the relationship between manufacturing focus and factory performance in a dynamic environment. Specifically, we examine how the performance of a focused factory's production lines changes after the factory changes its manufacturing requirements. We define focus in terms of manufacturing requirements and ( )measure changes in focus through variables that affect production line activities.
Our explanations of relationships between change in manufacturing requirements and production line performance draw from a conceptual model of manufacturing activities that includes two dimensions: manufacturing routines and absorptive capacity for adaptation of routines. We base the model on the organizational nature of production line activities. A production line is an organizational unit, which one can view as a collection of self-sustaining routines Ž . Nelson and Winter, 1982 . Organizations and their sub-units such as production lines often find it difficult to depart from prevailing routines. We draw most directly on the concept of absorptive capacity, which is the ability to recognize, evaluate, assimi-Ž late, and utilize new knowledge Cohen and . Levinthal, 1990 . We argue that manufacturing focus sometimes creates conditions under which production lines lack the absorptive capacity to adapt effectively to requirements unrelated to their existing focused task. We conceptualize manufacturing tasks as activities that the manufacturing function needs to accomplish. We hypothesize that the performance of focused production lines will decline when the lines adopt new manufacturing requirements that are outside the scope of the absorptive capacity developed through the execution of their prior focused manufacturing requirement.
We test the hypotheses at 16 production lines of a well-known focused factory of the Copeland Corporation of Sidney, Ohio, using primary output and performance data over a four-year period during which the company changed the manufacturing requirements of the production lines. The factory is located at Hartselle, AL. Consistent with the requirements of a theory testing case study, the conceptual variables of the hypotheses are general constructs, while the operational variables are specific to the site. Our statistical analysis both illustrates the limits of change in operations strategy and identifies paths through which factories may undertake successful change.
Background literature
Studies seeking empirical evidence on the benefits and costs of factory focus include case studies and statistical studies. Several broad, multi-industry, Ž multi-plant case studies Skinner, 1974 , Ferdows, . 1997 as well as narrower-scope site-specific studies ŽHayes and Wheelwright, 1984, p. 34, Ruwe and . Skinner, 1987 suggest that focused factories lead to better manufacturing performance and competitive success. In the practitioner literature, studies by con-Ž sulting firms such as McKinsey Rommel et al., . Ž . 1995 , and Andersen Consulting Harmon, 1992 report substantial improvement of operating performance of factories through implementation of focus at over 2000 factories worldwide. However, while case studies examining specific focusing efforts often suggest superior factory performance, the conclusions often come from broad observations rather than scientific examinations.
In addition, a few statistical studies have studied how product variety, which is one surrogate of focus, affects manufacturing performance, producing ambiguous results. Some researchers have observed positive relationships between manufacturing performance and measures of limited product variety, both Ž cross-sectionally Banker et al., 1990; Brush and . Karnani, 1996; McDuffie et al., 1996 and longitudi-Ž . nally Anderson, 1995 . Other researchers have found little effect of product variety on manufacturing per-Ž formance Hayes and Clark, 1985; Foster and Gupta, . 1990 ; Kekre and Srinivasan, 1990 . Thus, it is difficult to arrive at a generalizable empirical conclusion about the relationship between product variety and performance from prior studies. More importantly for our purpose, however, most of these examinations do not address whether the manufacturing plants they studied engaged in the managerial exercise of focusing, which involves determining limited manufacturing requirements and tailoring the manufacturing systems to these requirements. Moreover, the studies differ in the variables they have used as measures of performance and product variety. Studies that use relatively simple measures of product variety find little correlation between variety and Ž cost e.g., Hayes and Clark, 1985; Foster and Gupta, . 1990 ; Kekre and Srinivasan, 1990 , while studies using more sophisticated measures of product variety often find a positive relationship between limited Ž variety and superior performance e.g., Banker et al., . 1990; Anderson, 1995; McDuffie et al., 1996 . This speaks to the need for careful consideration of the ( )metrics of focus. We believe that our work facilitates the measurement of aspects of the complex phenomenon of focus. Finally, theoretical economic models have been unable to include the number of products in the cluster of complementary elements that maximize the profits of most modern manufac-Ž . turing firms e.g., Milgrom and Roberts, 1990 . Therefore, substantial room remains for additional research.
We use an approach, involving the production line as the unit of analysis, that we believe can be applied in many discrete manufacturing industries. Our study explicitly considers the nature of focusing at production lines, and then rigorously examines the impact of changing two dimensions of production line focus. In contrast to the above-mentioned quantitative studies that examine aspects of product variety, which represents only one dimension of the complex phenomenon of focus, some recent studies have begun to measure focus as a multi-dimensional Ž concept, using perceptual data Bozarth, 1993; Pesch . and Schroeder, 1996; Berry and Bozarth, 1997 . We discuss these studies in detail in Section 5.2 where we measure manufacturing requirements, and position our work relative to the conceptual frameworks that these authors suggest. In the next section of the paper, we present a conceptual model of factory focus that we hope will help clarify the discussion of manufacturing focus in the literature and facilitate empirical research.
Conceptual model of factory focus
We propose a conceptual model of manufacturing activities that includes two key dimensions: manufacturing routines and absorptive capacity for adaptation of routines. The model suggests two propositions concerning adaptation to changed manufacturing requirements. Fig. 1 portrays the model and propositions.
Limited-Õariation manufacturing routines
We start by discussing the role of manufacturing routines in a focused factory strategy. In our approach, as Fig. 1 highlights, a factory that has chosen to adopt focused manufacturing requirements will develop a set of manufacturing routines that involve a limited skill set for its production lines. One can define the manufacturing task of a factory as devel- ) oping and exploiting a set of manufacturing skills deemed necessary by the firm's strategy. We can think of the manufacturing skills as manifestations of Ž the corporate core competencies Prahalad and . Hamel, 1990 that are resources of the firm Ž . Wernerfelt, 1984 . Indeed, Prahalad and Hamel argue that organizational learning about how to coordinate diverse production skills is a key element of core competence. The skill-based view of manufacturing tasks has the appealing characteristic that it provides a theoretical basis for defining focus, because the view connects closely with the evolution-Ž . ary theory of Nelson and Winter 1982 . A firm's manufacturing skills are one component of the firm's skills. Similarly, the manufacturing skills of a factory comprise the skills of the production lines and related support functions. Following Nelson and Winter's view that routines are the skills of an organization, we equate skills of a production line with the routines executed at the line. Examples of routines at a production line include technological processing, information flow, material flow, and manufacturing support routines. The general description of routine performance of a production line in equilibrium contains two elements. First, the line must retain in its repertoire all routines the line invokes in the given state of operation. Second, the operators of the line must be able to receive, interpret, and respond to messages by executing appropriate routines at appropriate times.
A key concept underlying the idea that routines are the skills of an organization is that organizations remember by doing. Thus, firms remember production line skills through executing them. The execution of a production line routine involves the effective integration of a number of component subroutines often accomplished without conscious overview, that is, without requiring the explicit attention of management. Since the purpose of focus is to excel in a skill, and since skills are combinations of routines that production lines remember by doing, achieving focus in the task of a production line requires that the line execute the task repetitively. Major tasks for management in focusing a production line include designing a set of routines that are coherent components of a specific targeted skill set and establishing a process in which employees, machines, and systems can repeat the routines without a need for explicit reconsideration each time the line executes a step. Hence, a focused manufacturing facility will limit the number of manufacturing routines the facility requires of its operators. In general, the fewer the routines, the more focused a facility. In turn, the performance that the factory achieves is an outcome of the strength of its routines, in the context of its relevant competitive environment. As we discussed earlier, there is at least partial empirical evidence that firms that adopt more focused approaches often achieve superior performance.
A firm can limit the number and variety of routines at a factory's production lines by limiting the demands on the factory itself. In the late 1970s to mid 1980s, various opinions emerged about how to limit the demands on a factory. Table 1 illustrates several options, drawing from published empirical Ž and conceptual work Hayes and Schmenner, 1979; Schmenner, 1982 , Hayes and Wheelwright, 1984 , . pp. 90-108, Hill, 1989 . The table's classification system for focusing factories examines the firm's portfolio along one of a set of alternative dimensions and then assigns sections of the portfolio to separate factories. We note six focusing dimensions, including product, process, marketrcustomer segment, geographic market region, volumes, and suppliers. However, factories with limited portfolios along a particular dimension may contain conflicts within other dimensions. For example, along the market segment dimension, a product-focused factory may serve several markets that have different price expectations, regulatory standards, and delivery requirements. Consequently, potentially conflicting routines may exist even within a seemingly wellfocused facility.
We can analyze the conflicts that arise along focusing dimensions by treating the dimensions of focus as complementary at the level of the individual Ž . factory. We draw from Wheelwright 1979 and a Ž . Delphi survey of an expert panel by Pesch 1996 to suggest that, at the factory level, focus involves limiting the operating routines of the factory on a continuum along each of a set of complementary dimensions. For the sake of brevity, we illustrate this concept later using our empirical site as an example Ž . in Section 4.2 Fig. 2 . The focusing dimensions assist manufacturing managers only if they know the specific levers that affect change along each dimen- sion. We call these levers the 'controlling determinants' of focus. As we have noted in our review of the literature, controlling determinants are likely to be case-specific. The factory-level decisions firms make along the focusing dimensions affect the demands placed on the routines of production lines and may determine the scope of the task of these lines. For instance, a decision to offer three rather than two types of engine for an automobile may increase the demand on the drive-train lines of an assembly plant by requiring additional material, information, and coordination. The manner in which dimensional variations at the higher levels affect the demands on a production line remains an open research issue. We attempt to gain insight into this issue by examining the case of a focused factory.
The discussion of routines highlights the role of self-sustaining manufacturing routines in achieving the production line skill of a focused factory. We stress the need to limit variation along multiple focusing dimensions. We now look at the second major element of the model of manufacturing activities, which is routine-specific absorptive capacity for adaptation.
Routine-specific absorptiÕe capacity
We have argued that focused factories achieve highly effective activities by creating, using and reinforcing a limited set of self-sustaining routines in their production lines. Over time, in a relatively stable environment, this can result in outstanding performance. However, most focused factories eventually will face a need to change their activities when changes in the competitive environment raise demands for new manufacturing requirements. In part, the ability of the firm to develop new routines that suit the new manufacturing requirements will depend on the financial and intellectual resources that are available to the firm. In addition, the self-sustaining nature of routine operations may constrain the ability of organizational units to change their activities to adapt to new manufacturing requirements, independent of available resources. The degree of this diffi- culty often depends on how related the new requirements are to the old requirements of the unit. The ability to meet a new requirement may require unlearning, learning and responding in a new knowledge domain. This requires an ability to evaluate and utilize new knowledge, which Cohen and Levinthal Ž . 1990 call absorptive capacity. Fig. 1 uses the term routine-specific absorptive capacity to refer to the limits that a particular set of prior routines places on the ability of a production line to learn new skills.
While prior research has not used the concept of absorptive capacity at the level of the production line, studies at levels of analysis both below and above the production line level use the concept. Ž . Cohen and Levinthal 1990 base their argument on the literature in individual learning, and establish absorptive capacity largely as a function of prior related knowledge. Specific to manufacturing firms, Ž . Ž . Abernathy 1978 and Rosenberg 1982 have noted that direct manufacturing experience helps a firm to recognize and utilize new information relevant to a specific product-market. We believe that the argument concerning individual-level and firm-level absorptive capacity also applies at the production line level. For our purpose, new knowledge refers to a shared understanding of the change in manufacturing requirements and the consequent responses that a production line will need to undertake in order to create routines that meet the new requirements. Thus, a production line needs to recognize the new requirements in terms of the routines that they will need, evaluate the line's own repertoire of routines in order to identify potential recombination elements, identify external resources that the new routines will require, and then utilize appropriate existing elements together with external resources to form a response.
Absorptive capacity has both inward and outward elements. In part, the absorptive capacity of a production line develops through cumulative transfer of knowledge among the members of a line, which is the inward component. In addition, the absorptive capacity develops through the interface of the line with its environment, which is the outward component. The environment includes other lines and func-tions within the factory, as well as external agents such as parts suppliers. However, there may be a trade-off between the efficiency of internal communication within the line and the ability of the line to assimilate and exploit information from outward sources. Focusing a production line will often stress the inward component at the expense of the outward Ž . one, consistent with the argument of Arrow 1974 that the efficiency of an internal communication process is one of the reasons firms are economically attractive forms of organization.
A line's manufacturing routines will tend to shape the line's adaptability. As a by-product of routine activity, a production line will tend to develop absorptive capacity for new knowledge that relates closely to the current set of skills. For new knowledge that differs markedly from current skills, on the other hand, production lines must develop new absorptive capacity to be successful. Because absorptive capacity builds on past activities, however, developing new absorptive capacity will often be slow and difficult. Therefore, pursuit of a narrow focus in one period may constrain the ability to create absorptive capacity unrelated to the initial focus, so that the existing limited-variation routines of a focused production line constrain the line's ability to meet new manufacturing requirements.
Propositions
The conceptual model of factory focus suggests core propositions concerning production line performance following the introduction of new manufacturing requirements. We have defined production line focus as repeated executions of a limited number of routines that the production line remembers by doing. Highly focused factories will tend to have production line routines that are consistent with the specific skills that the factory requires in its competitive environment. Management can limit the set of skills that a factory requires and the set of routines that a production line executes by limiting the operating range of the relevant controlling determinants along the complementary focusing dimensions. In turn, the limited set of routines will limit the capacity that the line develops to absorb new knowledge. The introduction of new manufacturing requirements may necessitate that production lines learn new routines, while the existing absorptive capacity will shape the effectiveness of the new routines. Thus, the strategic action of focusing production lines may limit the ability of the lines to respond effectively to new manufacturing requirements, because the lines' limited-variation manufacturing routines will shape the development of absorptive capacity for new knowledge. Correspondingly, the performance of the production lines following the adoption of new requirements will tend to vary, depending on the fit between a line's absorptive capacity and the demands of the new requirements. At this point, we will refer to production line performance as a general concept. In the empirical section, we will study both line efficiency and line quality.
Proposition 1:
The performance of focused production lines will decline when the lines adopt new routines that are outside the scope of the absorptive capacity the lines developed in order to meet their prior manufacturing requirements.
Proposition 2:
The performance of focused production lines will not decline when the lines adopt new routines that are within the scope of the absorptive capacity the lines developed in order to meet their prior manufacturing requirements.
These general propositions are the basis of the specific hypotheses that we test using data from the Hartselle focused factory. The next section describes the methodology and the empirical context of our study. The following section develops the hypotheses.
Research methodology and empirical site
This section first discusses our adoption of a single-site field-study as the appropriate methodology for our research objectives. We then discuss the evolution of focus at the site where we conducted the study.
Single-site field study
Empirical research on focused manufacturing faces problems with the basic tenets of definition as Ž prescribed for socio-technical research Lachen-. meyer, 1971 . These difficulties mirror those faced in similar efforts in other fields, as discussed by Ž . social-science scholars such as Verba 1976 and Campbell 1975 . Such difficulties have led researchers in several fields to recognize the importance of single cases as a desirable research method Ž in such situations Naroll, 1962; Lasswell, 1968; . Becker, 1970; Russet, 1970 . Given the lack of a universally understood definition and measurement of factory focus, an interpretive case perspective is appropriate for our study. First, large sample research based on perception of object reality assumes uniformity and reliability of secondary source knowledge. The practitioner literature demonstrates the potential fallacy of that as-Ž sumption regarding focused manufacturing e.g., . Harmon, 1992; Rommel et al., 1995 . Consequently, primary source methods are appropriate in the study of factory focus, consistent with long-standing views concerning the relevance of single-site field studies Ž . Donham, 1922; Lijphart, 1971 Lijphart, , 1975 . Second, context dependence of an object or behavior in large sample studies may result in inferences that are Ž either simplistic or tautological Campbell, 1975; . Cronbach, 1975 . For Operations Management re-Ž . search, Hill et al. 1987 note such limitations of the large sample perspective. Finally, large sample research tends to increase reliability but may reduce Ž . the validity of the results Emory, 1985, pp. 94-98 , an unavoidable roadblock in studying this topic. Interpretive research, on the other hand, can successfully investigate specific phenomenon through in-depth studies.
We view this case study as a theory testing case Ž . study, following the typology of Yin 1984 , since this research generates its propositions from theory and then empirically tests them. We fulfil the critical requirement for a single-site study, because we formulate the explanations for the case in terms of Ž general rather than idiographic variables Eckstein, . 1975; George, 1979 . Further, because our units of analysis are production lines within a factory, the availability of several units within one case serves the research objective by allowing us to study several outcomes within a constrained case. We followed guidelines for theoretical site-selection by Ž . Ž . George 1979 and Eisenhardt 1989 . Through a survey of the literature and subsequent dialogue with company management through meetings and unstructured interviews, we selected the flagship factory of the Copeland Corporation at Hartselle, AL as the study site. We selected the site due to its experience with a successful focus and because it underwent a subsequent defocusing. 
EÕolution of focus at Copeland Hartselle
In 1979, Copeland established its 256,000 square feet flagship factory at Hartselle, AL at a cost of US$30 million to manufacture one million units annually of a new, high-efficiency, 'CR' model refrigerant compressor. The company decided to serve the market with a few compressor models, assembled from multiple combinations of a few parts, produced in large batch sizes, using a minimum of factory complexity.
Initial focus: 1979-1985
Copeland divided the facility into two areas, machining and assembly. Machining carried out metal removal processes such as milling, turning, drilling, and grinding. The machine shop was the center of focus in its consumption of planning efforts and investment. The shop had seven machining lines, Ž . which we designate as ML1 Machining Line 1 through ML7, with one line, ML3, having two subordinate lines designated ML3a and ML3b. The manufacturing task of this shop was to excel in high volume, high precision machining of a narrow mix of components, with the goal of attaining the world's best cost position. The plant implemented this focus successfully and the machine shop became a showpiece for the company in the early 1980s.
The assembly lines assembled machined and purchased parts to form a complete compressor. The operations comprise several fastening, fitting, welding, and brazing processes. Out of a total of eight assembly lines, four lines built sub-assemblies, which Ž . we designate as AL1 Assembly Line 1 , AL2, AL3, and AL4. The other four lines are main assembly lines, which we designate as AL5, AL6, AL7 and AL8. The manufacturing task of the assembly shop 1 Our primary sources of information on the Copeland Hartselle facility include Copeland internal reports, documents, archives, and interviews with several Copeland managers between 1991 and '94. In addition, we collected information from public sources including HBS Case a 9-686-088 and HBS Film a 9-887-527.
( )was to build end-product variety through multiple combinations of the relatively few basic components. Accordingly, the assembly lines had much lower set-up times and many more manual operations compared to the machine shop lines.
Consistent with the dimensions of focus that we summarized in Table 1 , we depict the complementary nature of the choices through the multidimensional focus map of Fig. 2 . Along each dimension of Fig. 2 , a point closer to the center represents greater uniformity of demands. The chosen response vectors of a factory describe the extent of focus at the factory. Hartselle, in its initial years, was a tightly focused factory, as shown in the interior line of Fig.  2 . The factory and, in particular, the machine shop as the center of focus, had positions close to the center of the figure along all dimensions. The plant produced a narrow part mix. On the process dimension, Hartselle chose not to manufacture several parts that required a manufacturing technology other than high precision machining. The factory produced its machined components only in high volumes. The factory also had tight focus along the customer and geographic dimensions. The factory served only a few market niches for compressors, namely, domestic air-conditioning and commercial refrigeration, mostly within the continental United States. The factory also developed a limited set of suppliers for its stable set of parts and material requirements. In turn, Copeland management tailored the infrastructural system of the factory to carry out the focused Ž task Hayes and Wheelwright, 1984 , discuss struc-. tural and infrastructural systems . Product design modifications made parts amenable to high volume production. The focus on long production runs of high volume, high precision components on dedicated machines also gave rise to specific batching and scheduling guidelines, accompanying off-line quality assurance systems, and specific procedures of other infrastructural elements like maintenance and material handling.
The advantages of Hartselle's initial focus stem from pursuing scale and scope of production, as well as reducing complexity. Relevant benefits due to the scale of production include achieving cost reduction, taking advantage of declining average costs on the high-volume end of a volume-split, and reducing average costs by tailoring the infrastructure to concentrate on the machining processes. Next, focusing on limited operating ranges including a limited number of products reduced the chances of diseconomies of scope and scale. Finally, lower environmental, technological, and organizational complexity led to reduced coordination costs. With the focused factory fully operating, Copeland transformed itself from an industry follower to the undisputed industry leader.
At the same time, the initial focus at Hartselle created several risks. These risks include avoiding tasks other than cost reduction through the pursuit of scale; experiencing diseconomies of scale due to continued focus on high-volume beyond a certain limit; potential diseconomies of scope if the plant was required to proliferate its product portfolio; curtailing the ability to manage complexity due to the insistence on reducing it; and, a potential lapse of managerial discipline to avoid profitable markets, customers, or geographic regions in order to retain the focus of the factory. These risks created potential performance problems as the manufacturing requirements changed during the second half of the 1980s. : 1985-1990 Market pressure for broader product lines and customized modifications coupled with Copeland's aggressive marketing strategy gradually necessitated that the company defocus the Hartselle product line. This study covers a period between 1985 and 1990, when end products proliferated considerably, although the machined components proliferated little. Minor model changes also occurred through the introduction of a new compressor, the CR4. Within the Copeland system, the number of bills of material Ž . BOM measures product variety. Bills of material for the proliferating end product are designated as '17-digit CR,' a nomenclature system that uses alphanumeric codes. Fig. 3 shows the product proliferation on a monthly basis of the 17-digit CR. Note the relative stability in product-variety over the first 11-month period in contrast to the subsequent periods. Although data concerning the period prior to September 1985 are not available, Copeland managers indicated that the relative stability in productvariety that one observes in the initial data is consistent with the preceding years. , 1985-1990. In addition to the change in the number of products shown in Fig. 3 , changes also occurred along other determinants of focus. For example, Table 2 compares the quantities and the number of final product models sold along the ''customer type'' focusing dimension in 1986 vs. 1991. While detailed data similar to those pertaining to number of products and customer type are not available for each focusing dimension, discussions with management suggest the a focus map as shown in Fig. 2 depicts the evolution of focus at Hartselle over a ten year period, reporting focus positions for 1987 and 1991. Defocusing activities along the dimensions include product proliferation, modification in process technology, expansion of customer base and geographical reach, heterogeneity of production volume, and broadening of the supplier base. This multidimensional perspective on factory focus is important be- cause we found that management's initial perception of focus tended to concentrate on the product dimension, consistent with much of the writing in the literature about focus. This emphasis on a single dimension increased the chance that unexpected problems would arise during the defocusing period. To summarize, the initial meetings with the corporate and plant management showed that the site suited the study, due to its experience with an initial focus and a subsequent defocus. The presence of 16 production lines in two different areas, machining and assembly, provide an opportunity to look for robust inferences.
Change in manufacturing requirements

Research hypotheses
In this section, we define operational criteria for production line focus and propose empirical hypotheses concerning changes that occur at the production lines of a factory.
Production line focus criteria
We operationalize production line focus in terms of two measures, including heterogeneity of production volumes and number of part numbers. Production line focus is a hierarchical consequence of factory focus. As we noted in Section 3, there usually is not a single way to derive variables at the production line level that correspond to every controlling deter-( )minant at the factory level for every firm in every industry. We use an approach based on the literature and site-relevant criteria that we believe is applicable to many discrete manufacturing environments.
Ž . First, we draw upon Pesch and Schroeder 1996 to determine our production line focus criteria. Pesch and Schroeder use five criteria to measure factory Ž . focus. The criteria include 1 a clearly defined plant Ž . priority; 2 congruence between plant priority and Ž . business strategy; 3 consistency of internal decision Ž . making within a plant; 4 compatible volume levels Ž . among products; and 5 compatible manufacturing requirements among products, where requirements include tolerance, yields, cleanliness, labor skill, and custom specials.
We examine the implications of these criteria of factory focus at the production line level, emphasizing criteria 4 and 5. We believe that the first two criteria, concerning plant priority and congruence with strategy, are plant-level criteria that do not change cross-sectionally or temporally at production lines of a single plant. We expect that the variation in the third criterion, concerning internal decision making consistency across production lines of the same plant, will be much smaller than the variation in this criterion across plants of different companies, since in the former case, lines will be making decisions within identical boundaries set at the plant level. Further, any change in decision making will likely be unidirectional towards a gradual defocusing Ž . Hayes and Clark, 1985; Hill, 1989, p. 110 , and can be represented by the inclusion of a time variable in an empirical model.
We concentrate on the last two criteria that Pesch Ž . and Schroeder 1996 use. Corresponding to the fourth criterion, which is compatible volume levels among products of a factory, we use the heterogeneity of part volumes at a production line. Limiting the heterogeneity of volumes is one way to limit the demands placed on a production line. A production line can produce the same number of parts in large, medium, or small volumes. Uniformity of batch sizes may help a production line adopt the economically and technologically appropriate elements such as tooling, jigs and fixtures, material handling systems, production planning and quality control systems, and work routines. Heterogeneity of volumes stretches the designed capabilities of these elements. Two compressor manufacturing plants of Copeland at Alabama and North Carolina exemplify successful focusing of these elements on large only and small Ž . only batches respectively March and Garvin, 1986 . To adopt the fifth dimension of Pesch and Ž . Schroeder 1996 , we use part mix to measure compatibility in manufacturing requirements among products. This usage is consistent with Pesch and Schroeder's subsequent finding that the 'number of product lines' has a strong, positive and significant correlation with their degree-of-focus score. Further, while the number of products at the factory level provides only limited information about the extent to which these products place different demands on the system, the number of parts on a production line may capture much more adequately the variations placed on the line. A new part on a given line often indicates change of a rather limited nature, mostly on values of design dimensions and processing parameters. For example, on a gear-shaping line producing two gears, the addition of a third part-number will typically indicate another gear that goes through the same shaping operations in the same sequence as the other two, with changes only in process parameter values. Thus, our operationalization of production line focus is consistent with Pesch and Schroeder's characterization of factory focus.
Next, we position our two focus criteria of production volume heterogeneity and number of part numbers by examining the related series of articles Ž . Ž . by Bozarth 1993 , Bozarth and Edwards 1997 , and Ž . Berry and Bozarth 1997 . The series provides three Ž . dimensions of focus, including 1 market requirements focus arising out of business strategy or prod-Ž . uct requirement; 2 manufacturing characteristics Ž focus comprising manufacturing similarity similarity in production volumes, equipment, labor skills, . Ž . set up , and organizational autonomy; and 3 congruence between market requirements and manufacturing characteristics. In terms of this framework, we are examining a limited scenario, namely, the impact of certain changes in market requirement focus on production line performance. A factory-level change in a market requirement variable, such as customer or geography, may have several implications at the production line level. Our focus criteria address two line-level implications. The first criterion, part mix, arises as a production line level equivalent for prod-
. uct mix, which Bozarth and Edwards 1997 use as one measure of their market requirements dimension. Our other criterion, volume heterogeneity, reflects a change that occurs at the line level along their manufacturing characteristic dimension. Of the dimensions of manufacturing similarity that this series of articles use, the major changes that arise between different parts that are manufactured on a production Ž line in our study for example, between three differ-. ent bearings are production volumes, rather than equipment, labor skills, or set up. Table 3 then lists, for each controlling determinant, production line level implications for the two measures of production line focus.
Our intent here is to demonstrate that volume heterogeneity and part mix at the production line Shapiro, 1985 a Ž Typically, a factory has its own system to record the instructions in the form of a traceable document for example, a route sheet, or a . standard operating procedure . This document, sometimes based on an alphanumeric extension of the relevant part number, can be counted as a separate part number for our purpose. b Line level measures capture the supplier aspect of defocusing more weakly than they do for other dimensions. Often, the Materials function takes care of complexities of supplier management, insulating production lines from accompanying variations.
( )level associate with variations of many controlling determinants of focus at the factory level. Clearly, there may be other variables to control in limiting the demands at the production line level. Nonetheless, although our list is not exhaustive, the measures apply to many manufacturing situations. We believe that the measures are appropriate for this study and many others. Overall, the references cited and the literature in general suggest that part mix and volume heterogeneity are two important dimensions of tracking manufacturing requirements at the production line level.
Hypotheses
We propose two sets of hypotheses that link change of manufacturing requirements with performance of the production lines. We concentrate on the change in requirements from the prior focused period to the new period of defocused requirements, because absorptive capacity is also a function of the prior requirement. To the extent that absorptive capacity is also a function of the recipient, that is, the production line, we include this aspect in our later empirical model building. However, this latter aspect is not what we are examining, and hence, is not a part of the hypotheses.
Copeland designed the machining lines with a focus on excelling in producing a narrow part mix in large volumes. The company designed the assembly and sub-assembly lines with the intent of producing multiple products through multiple combinations of a few components.
In terms of the volumes in which they processed the parts, the machining lines experienced a gradually increasing mix of large and small batch sizes over the period of the study, thereby increasing the heterogeneity of part volumes. At the same time, in assembly, product-variety increased and the volumes in which some of the products were assembled decreased, increasing volume heterogeneity. Given that heterogeneity was a new task for the lines in both shops, we expect that the performance of the lines declines when its focus weakens due to increased the heterogeneity of monthly part-volumes. We propose the following hypotheses for each production line.
H1A:
The greater the part volume heterogeneity processed by a machining line or assembly line, the lower the line's performance.
The next hypothesis addresses linkages between production lines. Following the prescription of Skin-Ž . ner 1974 , in a focused factory such as Hartselle, the thrust in tailoring is on the configuration of the infrastructural elements to make them consistent with each other and with a system-level deliverable. The span of these elements remains system-wide, across the factory. The production lines of the factory, subject to a common material and information flow and joined by the same infrastructure, may constitute Ž subsystems of a richly joined system Ashby and . Ross, 1960; Simon, 1969; Perrow, 1984 . The interesting property of such systems is that interaction between subsystems is stronger than interactions within each subsystem. Consequently, the change of requirement at a line may be either an explicit change at the line or an indirect result of an change at an interrelated line. An explicit change at an assembly line may lead to an indirect change in the demands on a connected upstream machining line, due to greater complexity and variation in component demand. Such an effect is of great interest, because management may mistakenly act as if the task of the machining lines has not changed, since their sets of components remain unchanged. We propose the following hypothesis. 
H1B:
The greater the part mix breadth processed by an assembly line, the lower the performance of a corresponding upstream machining line.
In terms of part-mix on a given line in the machine shop, while the part mix produced usually changed from month-to-month, it did so within a 2 In this hypothesis concerning upstream performance, we have only included downstream part mix, not downstream volume heterogeneity, as a focus criterion. We would also expect negative relationships with downstream volume heterogeneity. We tested a model with volume heterogeneity of the downstream line as an added variable. We found the expected significant negative influence in about half the cases, and no positive influences. Importantly, the results that we report are robust in the models that include the downstream volume heterogeneity variable. We do not report the models with downstream volume heterogeneity, however, because we believe that there are sufficient correlations and data limits whereby the addition of the variable pushes the data somewhat beyond appropriate limits. given narrow superset of parts. Thus, the focused set of parts that a production line started with did not change. This is a type of temporal change in requirements for which machining lines possessed the absorptive capacity as a function of their requirements in the prior period, and should adapt to easily. Next, in the assembly shop, the focus of the lines was on producing a high variety of products. Over time, while product-variety increased, this high product variety was not a new task for the assembly lines. Accordingly, we expect that the performance of the assembly lines does not change with a change in the part mix. Further, given the initial task of meeting the requirement of high end-product variety, assembly lines can adapt well to the proliferation of the end product, which is their downstream product. Formally, we propose the following hypotheses for each line.
( )
H2A: Greater part-mix breadth processed by a machining line or assembly line has no influence on the line's performance.
H2B: Greater part-mix breadth processed by an assembly line has no influence on the performance of a corresponding upstream assembly line. Table 4 summarizes the conceptual and operational dependent and independent variables for the propositions and hypotheses. Because of the formulation of the hypotheses, the rejection criterion for hypotheses H1A and H1B is the lack of statistically significant support. Conversely, the rejection criterion for hypothesis H2A and H2B is the presence of sufficient statistically significant contradictory evidence.
In conclusion, this section presents two sets of hypotheses. The predictions correspond to the two propositions and suggest that the performance of focused production lines will decline only when the lines adopt new manufacturing requirements that are outside the scope of the absorptive capacity developed through the execution of their prior manufacturing requirements. The hypotheses address direct changes occurring at the machining lines and the assembly lines, as well as indirect changes occurring at interrelated downstream production lines. For hypothesis testing, the generalizable variables are specific to the case in their operationalization. In the next section, we describe the empirical methods and results.
Empirical methods and results
This section first describes the models we used to test the hypotheses. We then discuss the statistical estimation procedures and the data used for testing. Finally, we present the empirical results and discuss their implications.
Model and estimation procedure
Empirically testing the hypotheses involves examining relationships across several production lines between the variables over time. We expect that the relationships will vary across the production lines, but not over time at a given line. The conditions of time-invariance and unit-variance make the test equivalent to postulating a separate regression for Ž . each unit Hsaio, 1985, pp. 128-153 . Accordingly, at each line, we first propose the following general model for production line performance.
Performance s B0 q B1logT q B2Mix q B3Het . Ž .
where e is the residual term of the regression, B0 is t the intercept, and B1, B2, B3, and B4 are multiple time-series regression coefficients. The independent variables have the following definitions. Ž . LogT : The base-10 logarithm of time T . We expect that, in addition to the focus variables of our interest, the learning that takes place at a line over time will influence absorptive capacity and performance. Consistent with the logarithmic nature of the learning curve, we represent the time variable in logarithmic form.
Mix : The part mix processed at a line at time t, t as we discussed in Section 5. Het : The heterogeneity of volumes of products t processed at a line at time t, as we discussed in Section 5. NextMix : The part mix processed at the tq1 downstream line at time t q 1. We use a lead-time variable to represent the production lead-times within the facility. Finally, we note that to the extent that absorptive capacity is also a function of the recipient, that is, the production line, it can have two components, Scherer and Ross, 1990 . The symbolic expression is Ž . adapted from Tirole 1989 , pp. 221-222. b The data for the quality measure are available for a 17-month period, reducing the number of independent variables and the statistical strength of our results. Further, the concerned cost center collects these data for the factory as a whole rather than for each line. Also, for three assembly lines, AL5, AL6, and AL7, we can estimate only one equation because data is available for the same part mix and volume heterogeneity that they process in sequence, resulting in one rather than three separate relationships with conformance quality.
( )static and dynamic. The static recipient component represents time-invariant properties of a production line that affect the line's ability to adapt to a change in requirement. The intercept term B0 will capture the static component. The B1 term captures the dynamic recipient, as we explained above in connection with the logT variable. We expect that including these aspects of absorptive capacity in the model will generate better estimates of the effects we are interested in.
We estimate the two equations separately for each production line. We then use the consistency of patterns of a regression coefficient across production lines as the basis for inferences about hypotheses.
We undertake the following three steps for each Ž . equation. First, we estimate Eq. 1 using time-series production data for machining line ML1. We estimate the full model rather than making any automatic selection. Since we are testing with time-series data, we test for auto-correlation during each estimate using the Durbin-Watson d-statistic and residual plots. Where auto-correlation is present, we use time-series transformation of the data using first differences, re-estimate the equation, and again test for auto-correlation as above. Consistent with many time-series analyses, first differencing removes auto-correlation in our testing. Second, we repeat the Ž . above procedure 16 times to estimate Eq. 1 separately for all 16 production lines.
Third, we examine the cross-sectional consistency of sign and significance of each regression coefficient to draw inferences. This approach to testing with longitudinal data borrows strengths across units of analysis and, consequently, can make inferences more robust than those from single time series data Ž . Diggle et al., 1994, pp. 2-22 . The magnitude of the coefficients at the site can vary widely across production lines since different lines make different products using different nominal unit labor hours. Therefore, we use the standardized rather than nonstandardized regression coefficients for better comparability across production lines.
Data and measurement of Õariables
This case study is consistent with several others ŽMintzberg and McHugh, 1985; Sutton and Callahan, . 1987; Eisenhardt and Bourgeois, 1988 in its seeking both quantitative and qualitative evidence. We retrieved the quantitative data from company records. Table 5A and B summarize the measurement and data sources of the variables that we used to test hypothesis sets H1 and H2.
We first address the production line focus variables. Consistent with our discussion of the variables in Section 5, we measure the part-mix at a production line through the number of parts. We capture volume heterogeneity through the dispersion between the several aggregate monthly volumes of the several part numbers at a line using the Hirschman Ž . Index HINDEX as a measure. Testing hypotheses H1B and H2B requires measuring focus variables at two levels. Table 5A contains the details of measurements and data sources.
We operationalize production line performance in terms of labor productivity and conformance quality. The traditional measurement of labor productivity reflects the efficiency of the transformation process occurring at a production line. Changes in the execution of the transformation process may result in new or modified routines that are outside the repertoire of routines that a production line can execute without conscious overview. Change can, therefore, slow the pace of execution of routines at a production line. Further, change can also lead to a mismatch between the task information needs and the information processing abilities of the line. A production line may absorb the additional task information needs by under-utilizing its resources, including labor resources Ž . Galbraith, 1977 . Therefore, labor productivity reflects the efficiency with which members of a line execute their routines. This is also consistent with the use in the literature of non-deterioration in performance in the face of change as a measure of Ž . adaptability Upton, 1995 . We measure labor productivity using the units produced per direct labor hour.
Note that the dependent variable of our interest is the productivity of direct labor only. While we expect that increasing part mix or volume heterogeneity will have a detrimental effect on indirect labor performance as well, one can easily explain this an effect by factors such as increased set-ups and material handling. Such a finding would be obvious rather Ž . than interesting. Consequently, we estimated Eq. 1 with indirect labor productivity as a dependent vari-( )able as sensitivity analysis, obtaining the expected results, but we do not report the results here.
Our second measure of production line performance is conformance quality. When a change in task stretches the production routines, the executed routines may not conform to the designed ones. The effect of non-conforming routines of the transformation process may be a less than desired quality of the process itself. A production line may also absorb a mismatch between task information needs and information processing capabilities by not meeting the additional task need fully, and thereby, by not conforming to the design of the task. An indicator of the quality of the process is the conformance quality of the parts produced by the process. We use a surrogate measure of conformance quality, measuring the cost of rework and rejects within the facility.
Ž . We estimate full model 1 when productivity is the dependent variable. However, the data limitations we noted in Table 5A lead us to estimate a simplified model of the following form when conformance quality is the dependent variable.
Conformance t s B5 q B6Mix q B7Het q e , . . . Ž . to those that we explained for Eq. 1 . Among the coefficients, B5 is the intercept, while B6 and B7 are Ž . regression coefficients. A comparison of Eq. 1 with Ž . Eq. 2 indicates that we can test hypotheses 1A and 1B with both the dependent variables, but hypotheses 2A and 2B with productivity variables only.
Table 5B presents the descriptive statistics. All of the variables exhibit variation, while the degree of variation changing from line to line. To reflect the operational realities of the site, we use two simple data transformations. First, given that our data is on a monthly basis, we account for production lead-times of about two to three weeks by assuming that of the products that a line finished in a given month, production of half of them started in the previous month and the production of the other half started in the current month. Second, to mitigate the effects of end-of-the-month pushes to meet production targets, we use a moving average of labor productivity.
We estimate 16 time-series equations for labor productivity and 14 equations for conformance quality. Separately for the two dependent variables, we then seek robustness by comparing regression coefficients for each independent variable across production lines. Subsequently, we conducted unstructured interviews with managers, supervisors, and manufacturing support staff in order to verify our model and to learn more about the implications of the empirical results. In the next section, we present and discuss the results of testing the hypotheses in the order proposed. Table 6 summarizes the results of estimating a total of 30 time-series equations. The results provide reasonable support for H1A and H1B, with mixed support for H2A and H2B.
Hypotheses testing: results and discussion
Results
Two tables report the detailed results of estimat-Ž . Ž . ing Eqs. 1 and 2 . Table 7A presents results of the labor productivity analysis. We summarize the results of Table 7A in B. For each estimation of Eq. Ž . 1 , Table 7A shows the regression coefficients and Table 7B lists the number of coefficients in Table 7A with positive and negative signs at different levels of significance grouped into the two shops, machining and assembly. Table 8A and B repeat for conformance quality what Table 7A and B depict for labor productivity.
The results of the study are consistent with hypothesis H1A in machining, that performance of each production line declines as the heterogeneity of volumes of parts processed at the line increases. First, we test the hypothesis at the machining shop with labor productivity as the performance measure. Row 1a of Table 7B shows that six out of the eight coefficients are positive and significant at the 90% level or above. Further, there is no negative coefficient. Thus, there is strong evidence consistent with the hypothesis of detrimental impact. Next, the study is consistent with hypothesis H1A in the machining shop when conformance quality is the measure of performance as well. With respect to conformance quality results, we note from Table 5A that we cannot expect the same level of statistical confidence as we had with labor productivity results, owing to the smaller number of cases. Row 1a of Table 8B shows that five out the eight coefficients are positive and significant at 90% level or above, while two more also are positive, although at slightly lower levels at significance. Only one coefficient is negative. Therefore, with one exception, the results suggest that volume heterogeneity generally leads to reduced conformance quality at machining lines.
The results of the study are consistent with H1A in assembly as well. With labor productivity as the performance measure, row 2a of Table 7B shows that six out of the eight coefficients are positive and significant at the 95% level or above. The other two are insignificant. Thus, there is strong support for the hypothesis of detrimental impact. Within the statistical limits noted above for conformance quality, the study is consistent with hypothesis H1A in assembly with conformance quality at performance measure as well. Row 2a of Table 8B shows that three coefficients are positive and significant at 90% level or above, while two of the other three coefficients are positive and significant at the 87.5% level. There is no negative coefficient. Therefore, within the statistical limitations noted above, the results suggest that volume heterogeneity at assembly lines tends to reduce conformance quality.
The results of the study are consistent with hypothesis H1B, that labor productivity of each machining line declines as the part mix at its corresponding downstream assembly line broadens. Row 1c of Table 7B shows that of all eight of the eight coefficients are positive and significant at the 90% level or above. Thus, the hypothesis receives strong support.
The results for H2A, that greater part mix breadth processed by a machining line or assembly line has no influence on the line's performance, are mixed, and depend on the pair of variables used for testing. The study is consistent with hypothesis H2A at machining lines and assembly lines when productivity is the measure of performance. Row 1b of Table  7B shows that six out of the eight machining line coefficients are insignificant, and one is significant and negative, supporting the hypothesis. Row 2b of Table 7B , meanwhile, shows that of the eight assembly line coefficients, six are insignificant and only two are positive at 90% level. Therefore, the results suggest that in general, increased part-mix breadth does not detrimentally affect labor productivity of an assembly line or machining line, as expected. The study is not consistent with hypothesis H2A at machining lines or assembly lines when conformance quality is the measure of performance, since the evidence is mixed. Row 1b of Table 8B shows that four of seven machining line coefficients are positive and significant at the 90% level or above. Similarly, Row 2b shows that that four of six assembly line coefficients are positive and significant at the 90% level or above. Therefore, there is adequate contradictory evidence to reject the hypothesis of no detrimental impact.
The results of the study are not consistent with hypothesis H2B, that labor productivity of each assembly line is not detrimentally affected as the part mix at its corresponding downstream level broadens. ( )Row 2c of Table 7B shows mixed evidence. While four coefficients are consistent with the prediction Ž . two non-significant and two negative , four coefficients are positive and significant. Thus, there is adequate contradictory evidence to reject the hypothesis of no detrimental impact. We discuss in the next section how our subsequent examination explains some of this unexpected relationship.
Discussion of the labor productiÕity results
One overall conclusion from the results is that in both shops, consistent with the hypotheses, change of part-mix does not affect labor productivity. It is interesting to note that there is almost an order of magnitude difference in part-mix breadth between Ž most machining lines and most assembly lines See . Table 5B for descriptive statistics . The commonality between the two widely differing operating ranges is that they are, nonetheless, focused operating ranges for individual production lines. Interestingly, AL8, which is a very strong exception to the general lack of impact of part mix on labor productivity, also has an exceptional profile of part mix. Line by line examination shows that, while the part mix at the other assembly lines is wide, the part mix at AL8 is continuously widening. It seems, therefore, that variation in part mix breadth does not affect labor productivity as long as the variation is within a limited range, narrow or wide. The exception of AL8 seems to support this general rule since part mix moves away from a stable, focused set.
In contrast to part mix breadth, volume heterogeneity detrimentally affects the labor productivity of production lines in both shops, as expected. It is obvious that partial substitution of large batches by small batches decreases the productivity of the indirect labor. More interesting is the result that volume heterogeneity negatively affects the productivity of direct labor. That is, volume heterogeneity represents a kind of change that disrupts the learning that can take place in an environment of repetitive, homogeneous volume, be it all small or all large volumes. The argument is that volume homogeneity can help decrease the direct costs through the application of learning principles, and unintended volume heterogeneity seems to obstruct this path of learning by repetition. It is unlikely that volume heterogeneity affects the technological processing routines, which may be mostly independent of the volume in which parts are processed. Rather, it is likely that volume heterogeneity affects the routines that co-ordinate the execution of technological processing routines.
Discussion of the conformance quality results
As seen above from the results, increases in both part-mix breadth and volume heterogeneity lead to increasing quality problems in both types of shops. One interesting result is that for several production lines, while labor productivity does not fall with part-mix breadth, as expected, conformance quality unexpectedly does decline. A possible explanation for the difference in the productivity and quality results is that when a broader part-mix stretches the routines at the lines, performance decline of the stretched routines may occur in the quality of execution of the routines rather than the pace of completion. Here, quality of execution of a routine means the conformance of an executed routine to its specifications.
The field interviews suggest a possible reason why focus may have distorted the role of the related Ž . infrastructural function, Quality Control QC . Interestingly, the factory, which earned a reputation for quality in its early days, did not closely examine the functional task of QC in a changing environment. The reason may lie in a managerial perception that, ''The task of QC essentially remained the same over time.'' That is, the change was considered a nonevent from a quality control point of view. Such a perception may be a consequence of what management understood focus to be, both as an objective and as a lever to limit demand. First, if a focused objective of low cost through high volume dominates the design of the QC system, then high-volume based inspection may become the focus of QC activity, rather than process quality improvement. Second, if management sees focus mainly as limiting the number of machined parts, and if that number does not proliferate, they may perceive no need to change the functional task of QC. One may easily extend this argument to tasks of other manufacturing support functions.
Joined systems results
Support for hypothesis H1B suggests that the inter-subsystem effects are very strong in the ma- chining shop. One way to examine the functioning of Ž . the richly joined system of Ashby 1960 at the site is through the functioning of a system of the manufacturing infrastructure, namely, the production control system which 'joins' the production line subsystems. In a tightly coupled system, the demand pattern and inventory planning decisions downstream can greatly affect the demand pattern for parts at an upstream line. Indeed, the volume heterogeneity that impair labor productivity and conformance quality at machining lines, as tested earlier through hypotheses H1A, may be traced to this downstream proliferation. Hypothesis H1B makes this important connection explicit and thereby demonstrates the benefits of a more fine-grained understanding of focus.
A closer examination of the cross-sectional pattern of the results of hypothesis H2B suggests that assembly lines where the downstream product is the 17-digit CR show a detrimental effect of proliferation, whereas assembly lines where the downstream product is the 13-digit CR produces mixed evidence.
3 A comparison of proliferation of the Ž . Ž . 17-digit CR Fig. 3 vs. the 13-digit CR Fig. 4 show distinct patterns of variation at the two levels.
3 The '17-digit CR' and the '13-digit CR' are alphanumeric nomenclature systems for compressors with and without peripheral components, respectively, as noted in Section 4.2.2 and Table  5A .
The part mix at the 13-digit level has wide variation through the period, but very little trend. That is, part mix varies within a broad set that it started with, so that the factory did not lose its focus on this measure. In contrast, the 17-digit CR, as we noted earlier in Section 4, shows a clear upward trend after a short initial stable period. That is, the factory compromised its focus on the 17-digit product. We argue, therefore, that it is not the part mix breadth per se, but change in part mix from a focused set that seems to be the key determinant of performance.
Implications and conclusions
Our results suggest that changes in manufacturing requirements may come from various sources, and that production lines may resist an unintended change even if the lines have the ability to respond favorably to an intended change. In terms of focus variables, we found that the labor productivity of lines in both shops generally responded favorably to change in part mix breadth, an intended change. In contrast, lines in both shops exhibit a detrimental impact of increasing volume heterogeneity, an unintended change, on labor productivity.
In terms of the relationships between focus variables and performance variables, the results show a detrimental effect of part mix change, which is a ( )focal demand variable, on conformance quality, a non-focal performance variable. This stands in contrast to the general lack of detrimental impact of the same change on labor productivity, a focal performance variable. The detrimental impact of volume heterogeneity on conformance quality concerns a combination of an unintended change and a non-focal performance variable. This further underscores the point that of the many possible relationships between variables representing demand and those representing performance, many are between non-focal pairs of variables, and many include unintended changes.
We also find that inter-subsystem effects in the factory are very strong. That is, the performance of a production line may be affected by changes occurring elsewhere in an interconnected production system, as well as from changes occurring at the line itself. Such indirect effects mean that managerial attempts to achieve a low-cost target may fail, even if they retain the narrow part-mix in the machine shop, the ostensible focus of the factory in realizing its low-cost target. Costs at a machining line may increase if the part mix breadth expands at an assembly line that is connected to the machining line.
Manufacturing management
The implications for manufacturing management that we draw from this study address limits and paths to changing the manufacturing requirements of a factory. The key limiting factor we observe is that a deviation from focus may affect factory performance in unexpected ways. Issues arise in several areas, including implications for focal and complementary dimensions of manufacturing requirements and objectives, performance of connected systems, and differential influence of new and existing absorptive capacity.
Since absorptive capacity is cumulative, changes to operations occurring in controlling determinants, performance criteria, and processing stages other than the focal ones may go largely undetected. For example, managers may rely in their decisions about a change primarily on an analysis of the change along one focal controlling determinant. Such a decision-making approach makes the implicit yet restrictive assumption that the change does not impinge on any other determinant of focus that can affect performance. Consequently, there is a risk that management of change may occur through the monitoring of an inappropriate determinant of focus that may have no effect, or even an unintended effect on performance. This is analogous to attempting to control production costs without understanding the drivers of Ž . cost Kaplan, 1984 .
Focus may affect not only the determinants of demand on a factory, but also its performance objectives. We recognize that managers usually attempt to consider multiple performance objectives that relate to focal dimensions. However, managers may concentrate more on the objectives that are vital to succeeding in a market than those necessary to par-Ž . ticipate in the market. Hill 1989, pp. 36-46 refers to the two types of objectives as order winners and order qualifiers. This study indicates that due to the initial relative allocation of managerial attention and the cumulative nature of absorptive capacity, analysis of a proposed change may pay little attention to its effect on objectives other than the focal objective, which management views as the order-winner. Consequently, there is a risk that while the factory may be able to preserve its performance along the order winner dimension, poor performance along other dimensions may cause order disqualification. A dynamic environment compounds the risk, since order winner and order qualifier objectives may switch places or change drastically over time.
Our results also suggest that an analysis of a change needs to consider whether the task of a production unit can change as an indirect result of a change occurring at a connected unit. Connected units may include plants within a network, 'plantswithin-a-plant', and production lines within a plant which have specific benefits, such as greater Ž system-wide capacity utilization Graves and Jordan, . Ž . 1991 and shared overhead resources Skinner, 1974 . Managers may have to explicitly understand and manage the trade-off between such benefits and the risk of indirect detrimental impact on performance. However, this understanding may be difficult because in the absence of any direct change, managers may mistakenly conclude that the task of their unit has not changed, while unknown indirect changes affect the unit. Consequently, production unit performance may suffer due to seemingly obscure reasons. Although some changes in manufacturing requirements cause performance problems, other changes provide paths for effective adaptation. In this study, the most effective changes required little or no new absorptive capacity relative to the traditional tasks of production lines. These changes may remain transparent to the production line routines. Transparent changes offer managers the opportunity to exploit and benefit from the change from perspectives such as marketing without harming manufacturing performance.
General implications
This study has implications for the streams of literature concerning focused factories, manufacturing flexibility, organizational change, and evolutionary change. The results also point to the need for careful consideration of units of analysis, while introducing conformance quality as a measure of performance.
The empirical contribution to the focused factory literature lies in establishing statistically supported relationships between determinants of focus and manufacturing performance criteria at the production line level. The decline in performance with respect to an unintended change, but not with respect to an intended change, including cases where the change occurs along the same variable, suggests that it may not be the absolute magnitude of a change variable, but the deviation from a focused operating range of that variable, that is an appropriate determinant of performance. This and the associated issue of metrics may explain in part why empirical studies of the effect of product variety on performance have pro-Ž duced mixed results Hayes and Clark, 1985; Banker et al., 1990; Foster and Gupta, 1990; Kekre and Srinivasan, 1990; Anderson, 1995; Brush and Kar-. nani, 1996; McDuffie et al., 1996 . Further, the result that volume heterogeneity is a strong determinant of performance demonstrates the need for understanding changes in manufacturing requirement through dimensions other than the product dimension, which, as seen from the references cited above, is the most commonly researched dimension in the literature. This result may also explain in part the 'something real' that prevented Milgrom and Roberts Ž . 1990 from being able to include the number of products in a cluster of complements that maximize the profit function of a modern manufacturing firm.
The results also contribute to the literature on manufacturing flexibility by measuring and examining the concept of volume heterogeneity related to the type of flexibility labeled as ' volume flexibility,' which refers to the ability of a production system to operate economically at several levels of aggregate Ž production volume Browne et al., 1984; Sethi and . Sethi, 1990; Gerwin, 1993 . In a multi-product environment, volume heterogeneity can change without any change in the aggregate volume. We are unaware of other articles that systematically study it. Thus, there is a need to examine this aspect of flexibility separately with its own measure and enabling elements.
The results link manufacturing focus with research on organizational change by noting that manufacturing focus may be a condition under which Ž development of absorptive capacity Cohen and . Levinthal, 1990 unrelated to current manufacturing task appears less attractive. Absorptive capacity is path dependent. Focus may define the boundaries of the path rather narrowly through emphasis on selected determinants, objectives and processing stages, and thereby trap production units to operate in the particular knowledge-domain of their initial focus. This raises an important question: what are the principles that may guide the appropriate balance between the benefits of specializing in the current task, and the future ability to adapt to tasks unrelated to the current one?
Our results apply the model of evolutionary Ž . change of Nelson and Winter 1982 in a production context, and suggest that we can examine the execution of routines from two aspects, pace and conformance. Both aspects may affect the performance of a production line trying to adapt new routines of a new task, affecting its productivity and quality, respectively. We may extend similar arguments about execution of routines to contexts other than production.
The strong inter-subsystem effects observed in explaining line performance highlight the importance of analyzing manufacturing change at low level units Ž of analysis. The literature on complexity Simon, . 1960 Simon, . , 1979 Perrow, 1967 Perrow, , 1984 Weick, 1990 suggests that for complex systems, cause and effect relationships are unclear, and interactions and pro-( )cesses are poorly understood. In particular, Simon Ž . 1986 comments that consequently, rational inquiry requires extensive empirical research at the 'micromicro' level. This study comes closer to that level by using the production line as the unit of analysis. Given that most empirical research in Operations Management uses the factory as the unit of analysis Ž . Swink and Speier, 1995 , this research demonstrates the value of considering micro-level units for future research.
To our knowledge, this is also the first systematic empirical examination of conformance quality in focused factories. Our usage of an indirect measure of conformance quality, as well as weaker but expected relationships than with productivity, are both consis-Ž . tent with results obtained by McDuffie et al. 1996 in their examination of product variety. Both these studies speak to the need for further research that assesses both the relationship and the measurement issues concerning conformance quality.
Several limits apply to the study. It would be useful to examine the temporal pattern in changed performance following changes in manufacturing requirements, in order to determine which types of change lead to quick recovery and which lead to longer term reductions in performance. In addition, the study does not address several hierarchical levels and perspectives of focus within a manufacturing facility. Examination of advantages and disadvantages of focus at more hierarchical levels and from more perspectives is necessary for the development of an integrative theory of manufacturing focus. One major problem in such empirical examination is likely to be the measurement of focus. The list of determinants in Table 3 is less than complete at the factory level, and is only a beginning at the production line level. More serious problems, however, may lie in the measurement of the aspects of focus other than dimension, namely, manufacturing task, and tailoring of the system. Nonetheless, we believe that the results contribute to our understanding of how changes in manufacturing requirements affect the performance of a focused factory.
In conclusion, our results contribute to the literature in several ways. First, this work connects research on manufacturing focus with that of organizational change. Specifically, we utilize the organizational nature of production units including their routines and absorptive capacity to analyze the limits and paths of changing the manufacturing requirements of production lines of a focused factory. Second, this work contributes to the research on manufacturing flexibility by rigorously examining the notion of volume heterogeneity as distinct from the concept of aggregate production volume flexibility. Finally, the study contributes to the empirical literature in Operations Management by demonstrating the value of using a micro-level unit of analysis, consistent with the literature on complexity, along multiple dimensions of manufacturing requirements as well as manufacturing performance. 
